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Description 



The present invention relates to a process for producing an ethylene/a-olefin copolymer of a high-molecular weight 
with an olefin polymerization catalyst constituted of a metallocene compound, an organoaluminum compound, and an 
ionizable ionic compound. 

The low-pressure Ziegler process for polymerization of ethylene or an a-olefin is well known in the related technical 
fields. The catalyst for the process is generally prepared by treating a mixture of an organometallic compound or hydride 
of a metal of Group 1 A to 3A of the Periodic Table with a compound of a transition metal (Group 3B or 2B of the Periodic 
Table) in a suspension or a solution, or in the absence of a solvent or a diluent. 

In recent years, other special kinds of catalysts are being developed which are active in olefin polymerization. 
Examples of the catalysts are combinations of a cyclopentadienyt derivative of a metal such as titanium, zirconium, 
and hafnium (Group 4B of Periodic Table) with aluminoxane. (See, for example, J. Boor: "Ziegler-Natta Catalyst and 
Polymerization", Academic Press, New York (1979), and H. Sinn and W. Kaminsky: Adv. Organomet. Chem. 1899 
(1980)). These catalysts have an ability of forming a stereos pec if ic olefin polymer with high catalyst activity. 

JP-A-1 -503788 describes a high-pressure high -temperature process for producing ethylene/a-olefin copolymer 
by use of a transition metal compound and an aluminoxane as the catalyst. 

Nevertheless, such catalysts have not been used industrially mainly because of the following reasons: the alumi- 
noxane cannot readily be produced in a reproducible form, hindering preparation of the catalyst and the polymer with 
required reproducibility, and the expensive aluminoxane has to be used in a considerably high ratio to the transition 
metal compound to achieve sufficient activity. 

To offset the above disadvantages, JP-A-3-207704 discloses an ionic metallocene compound prepared by reacting 
a metallocene with an ionizing ionic compound. PCT Application No. WO 92-1723 discloses a process of a-olefin 
polymerization by use of a catalyst system prepared by reacting a halogenated metallocene with an organometallic 
compound and then bringing the reaction product into contact with an ionizing ionic compound. This catalyst system 
is advantageous in olefin polymerization. However, when ethylene and a-olefin are copolymerized by use of such a 
catalyst system at a high temperature, the resulting copolymer disadvantageous^ has a tow molecular weight. It is the 
object of the present invention to provide a process for producing an ethylene/a-olefin copolymer of high molecular 
weight with high efficiency at a high temperature. 

This object could be achieved on the basis of the finding that an ethylene/a-olefin copolymer having a high molecular 
weight is obtained with a high catalyst activity by copolymerizing ethylene with an a-olefin by using a specific ionic 
metallocene catalyst at a temperature of not lower than 120°C. 

The present invention provides a process for producing an ethylene/a-olefin copolymer of a weight-average mo- 
lecular weight (Mw) of not less than 40000 by copolymerization of ethylene with an a-olefin having three or more 
carbons by using an olefin polymerization catalyst at a polymerization temperature of not lower than 120°C: the olefin 
polymerization catalyst comprising, as constitutional components, a) a metallocene compound, b) an ionizing ionic 
compound, and c) an organoaluminum compound: 

the metallocene compound (a) being a compound represented by the general formula (1): 



wherein Cp 1 is a substituted or unsubstituted cyclopentadienyl, indenyl, or fluorenyl group and Cp 2 is a substituted or 
unsubstituted fluorenyl group; R 1 and R 2 are independently a substituted or unsubstituted alkyl group, a substituted 
or unsubstituted alkoxy group, a substituted or unsubstituted aryl group, or a hydrogen atom; M is titanium or zirconium; 
R 3 and R 4 are independently hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 12 carbons, an alkoxy 
group, or an aryloxy group, the ionizing ionic compound (b) being a compound which is capable of changing the met- 
allocene compound (a) into a cationic form and does not further react with the thus formed cationic form of the metal- 
locene compound, and the organoaluminum compound (c) being represented by the general formula (2): 




(1) 



EP 0 612 769 B1 



Al 



(2) 



wherein R 5 , R 5 ', and R 5 ' are independently a hydrogen atom, a halogen atom, an amino group, an alkyl group, an 
alkoxy group, or an aryl group, at least one thereof being an alkyl group. 

10 Fig 1 is a 1 H-NMR spectrum chart of diphenylmethylene(cyclopentadienyl)(2,7-dimethylfluorenyl)-zirconium 

dichloride synthesized in Example 10. 

The term "alkyl", whether used alone or as part of another group, e.g. alkoxy, designates residues having preferably 
1 to 20, more preferably 1 to 8 and most preferably 1 to 4 carbon atoms. Similarly "aryl" means residues having pref- 
erably 5 to 14, more preferably 6 to 12 carbon atoms. 

is The metallocene compound (a) used in the present invention is represented by the general formula (1 ). The met- 

allocene compound is exemplified specifically by 

isopropylidene(cyclopentadienyl)(fluorenyl)titanium dichloride, 

isopropylidene(cyclopentadienyl)(fluorenyl)zirconium dichloride, 
20 diphenylmethylene(cyclopentadienyl)(fluorenyl)titanium dichloride, 

diphenylmethylene(cyclopentadienyl)(fluorenyl)zirconium dichloride, 

methylphenylmethylene(cyclopentadienyl)(fluorenyl)titanium dichloride, 

methylphenylmethylene(cyclopentadienyl)(fluorenyl)zirconium dichloride, 

isopropyltdene(cyclopentadienyl)(2,7-di-t-butylfluorenyl)-titanium dichloride, 
25 isopropylidene(cyclopentadieny!)(2,7-di-t-butylfluorenyl)-zirconium dichloride, 

diphenylmethylene(cyclopentadienyl)(2,7-di-t-butylfluorenyl)titanium dichloride, 

diphenylmethylene(cyclopentadienyl)(2,7-di-t-butylfluorenyl)zirconium dichloride, 

methylphenylmethylene(cyclopentadienyl)(2,7Kii-t-butylfluorenyl)titanium dichloride, 

methylphenylmethylene(cyclopentadienyl)(2,7-di-t-butylfluorenyl)zirconium dichloride, 
30 isopropylidene(cyclopentadienyl)(2,7-dimethylfluorenyl)-titanium dichloride, 

isopropylidene(cyclopentadienyl)(2,7-dimethylfluorenyl)-zirconium dichloride, 

diphenylmethylene(cyclopentadienyl)(2,7-dimethylfluorenyl)-titanium dichloride, 

diphenylmethylene(cyclopentadienyl)(2,7-dimethylfluorenyl)-zirconium dichloride, 

methylphenylmethylene(cyclopentadienyl)(2,7-dimethylfluorenyI)titanium dichloride, 
35 methylphenylmethylene(cyclopentadienyl)(2 l 7-dimethylfluorenyl)zirconium dichloride, 

isopropylidene(cyclopentadienyl)(2,7-diphenylfluorenyl)-titanium dichloride, 

isopropylidene(cyclopentadienyl)(2,7-diphenylfluorenyl)-zirconium dichloride, 

diphenylmethylene(cyclopentadienyl)(2,7-diphenylfluorenyl)-titanium dichloride, 

diphenylmethylene(cyclopentadienyl)(2,7-diphenylfluorenyl)-zirconium dichloride, 
40 methylphenylmethylene(cyclopenladienyl)(2,7-diphenylfluorenyl)titanium dichloride, 

methylphenylmethylene(cyclopentadienyl)(2 ( 7-diphenylfluorenyl)zirconium dichloride, 

isopropylidene(cyclopentadienyl)(a,i-dibenzofluorenyl)-titanium dichloride, 

isopropylidene(cyclopentadienyl)(a,i-dibenzofluorenyl)-zirconium dichloride, 

diphenylmethylene(cyclopentadienyl)(a ( i-dibenzofluorenyl)-titanium dichloride, 
45 diphenylmethylene(cyclopentadienyl)(a,i-dibenzofluorenyl)-zirconium dichloride, 

methylphenylmethylene(cyclopentadienyl)(a,i-dibenzofluorenyl)titanium dichloride, 

methylphenylmethylene(cyclopentadienyl)(a,i-dibenzofluorenyl)zirconium dichloride, 

isopropylidene(cyclopentadienyl)(b,h-dibenzofluorenyl)-titanium dichloride, 

isopropylidene(cyclopentadienyl)(b,h-dibenzofluorenyl)-zirconium dichloride, 
50 diphenylmethylene(cyclopentadienyl)(b t h-dibenzofluorenyl)-titanium dichloride, 

diphenylmethylene(cyclopentadienyl)(b ( h-dibenzofluorenyl)-zirconium dichloride, 

methylphenylmethylene(cyclopentadienyl)(b,h-dibenzofluorenyl)titanium dichloride, 

methylphenylmethylene(cyclopentadienyl)(b,h-dibenzofluorenyl)zirconium dichloride, 

bis(4-methylphenyl)methylene(cyctopentadienyl)(fluorenyl)-titanium dichloride, 
55 bis(4-methylphenyl)methylene(cyclopentadienyl)(fluorenyl)-ztrconium dichloride, 

bis(4-phenylphenyl)methylene(cyclopentadienyl)(fluorenyI)-titanium dichloride. 

bis(4-phenylphenyl)methylene(cyclopentadienyl)(fluorenyl)-zirconium dichloride, 

(sopropylidenebis(cyclopentadienyl)titanium dichloride, 
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isopropylidenebis(cyclopentadienyl)zirconium dichloride, 

diphenylmethylenebis(cyctopentadienyi)titaniunn dichloride, 

diphenylmethylenebis(cyclopentadienyl)zirconium dichloride, 

methylphenylmethylenebis(cyclopentadienyl)titanium dichloride, 
5 rnethylphenylrnethylenebis(cyclopentadienyl)zirconium dichloride, 

isopropylidene(cyclopentadienyl)(tetramethyl-cyclopentadienyl)titantum dichloride, 

isopropylidene(cyclopentadienyl)(tetramethyl-cyclopentadienyl)zirconium dichloride, 

diphenylmethylene(cyclopentadienyl)(tetramethyl^yclopentadienyl)titanium dichloride, 

diphenylmethylene(cyclopentadienyl)(tetramethylH:yclopentadienyl)zirconium dichloride, 
10 isopropylidenebis(indenyl)titanium dichloride, 

isopropylidenebis(indenyl)zirconium dichloride, 

diphenylmethylenebis(indenyl)titanium dichloride, 

diphenylmethylenebis(indenyl)zirconium dichloride, 

methylphenylmethylenebis(indenyl)titanium dichloride and 
is methylphenylmethylenebis(indenyl)zirconium dichloride. 

For efficient copolymerization, the metallocene compounds are preferred in which the substituent Cp 2 is a substi- 
tuted or unsubstituted fluorenyl group, and/or at least one of the substituents R 1 and R 2 is a substituted or unsubstituted 
aryl group. 

20 The ionizing ionic compound (b) used in the present invention is a compound which is capable of changing the 

aforementioned metallocene compound (a) into a cation ic form, and does not react further with the formed cation ic 
metallocene compound. The ionizing ionic compound is exemplified specifically by boron compounds such as 

tri(n-butyl)ammonium tetrakis(p-tolyl) borate, 
25 tri(n-butyl)ammonium tetrakis(m-tolyl)borate, 

tri(n-butyl)ammoniumtetrakis(2,4-dimethylphenyl)borate, 

tri(n -butyl )ammonium tetrakis(3,5-dimethylphenyl)borate, 

tri(n -butyl )ammonium tetrakis(pentafluorophenyl)borate, 

N.N-dimethylanilinium tetrakis(p-tolyl)borate, 
30 N.N-dimethylanilinium tetrakis(m-tolyl)borate, 

N.N-dimethylanilinium tetrakis(2 t 4-dimethylphenyl)borate, 

N.N-dimethylanilinium tetrakis{3,5-dimethylphenyl)borate, 

N.N-dimethylanilinium tetrakis(pentafluorophenyl)borate, 

triphenylcarbenium tetrakis(p-tolyl)borate, 
35 triphenylcarbenium tetrakis(m-toIyl)borate, 

triphenylcarbenium tetrakis(2,4-dimethylphenyl)borate, 

triphenylcarbenium tetrakis(3 ) 5-dimethylphenyl)borate, 

triphenylcarbenium tetrakis(pentafluorophenyl)borate, 

tropylium tetrakis(p-tolyl)borate ( 
40 tropylium tetrakis(m-tolyl)borate, 

tropylium tetrakis(2,4-dimethylphenyl)borate ) 

tropylium tetrakis(3,5-dimethylphenyl)borate 

tropylium tetrakis(pentafluorophenyl)borate, 

lithium tetrakis(pentafluoropheny I) borate, 
45 lithium tetrakis(phenyl)borate, 

lithium tetrakis(p-tolyl)borate, 

lithium tetrakis(m-tolyl)borate, 

lithium tetrakis(2,4-dimethylphenyl)borate, 

lithium tetrakis(3,5-dimethylphenyl)borate, 
so lithium tetrafluoroborate, 

sodium tetrakis(pentafluorophenyl)borate, 

sodium tetrakis(phenyl)borate, 

sodium tetrakis(p-tolyl)borate, 

sodium tetrakis(m-tolyl)borate, 
55 sodium tetrakis(2,4-dimethylphenyl)borate, 

sodium tetrakis(3 t 5-dimethylphenyl)borate, 

sodium tetrafluoroborate, 

potassium tetrakts(pentafluorophenyl)borate, 
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potassium tetrakis(phenyl)borate, 
potassium tetrakis(p-to!y I) borate, 
potassium tetrakis(m-tolyl)borate, 
potassium tetrakis(2,4-dimethylphenyl)borate, 
£ potassium tetrakis(3,5-dimethylphenyl)borate, and 

potassium tetrafluoroborate; 

and aluminum compounds such as 

10 tri(n-butyl)ammonium tetrakis(p-tolyl)aluminate, 

tri(n-butyl)ammonium tetrakis(m-tolyl)aluminate p 

tri(n-butyl)ammonium tetrakis(2,4-dimethylphenyl)aluminate, 

tri(n-butyl)ammonium tetrakis(3,5-dimethylphenyl)aluminate, 

tri(n-butyl)ammonium tetrakis(pentafluorophenyl)aluminate, 
is N.N-dimethylanilinium tetrakis(p-tolyl)aluminate, 

N,N<Jimethylanilinium tetrakis(m-tolyl)aluminate, 

N.N-dimethylanilinium tetrakis(2,4-dimethylphenyl)a!uminate, 

N,N<iimethylanilinium tetrakis(3,5<Jimethylphenyl)aluminate, . 

N.N-dimethylanilinium tetrakis(pentafluorophenyl)aluminate, 
20 triphenylcarbenium tetrakis(p-tolyl)aluminate, 

triphenylcarbenium tetrakis(m-tolyl)aluminate, 

triphenylcarbenium tetrakis(2 l 4-dimethylphenyl)aluminate, 

triphenylcarbenium tetrakis(3,5-dimethylphenyl)aluminate, 

triphenylcarbenium tetrakis(pentafluorophenyl)aluminate, 
25 tropylium tetrakis(p-tolyl)aluminate, 

tropylium tetrakis(m-tolyl)aluminate, 

tropylium tetrakis(2,4-dimethylphenyl)aluminate ( 

tropylium tetrakis^SnjimethylphenyOaluminate, 

tropylium tetrakis(pentafluorophenyl)aluminate, 
30 lithium tetrakts(pentafluorophenyl)aluminate, 

lithium tetrakis(phenyl)alurninate, 

lithium tetrakis(p-tolyl)a!uminate, 

lithium tetrakis(m-totyl)aluminate, 

lithium tetrakis(2,4-dimethylphenyl)aluminate, 
35 lithium tetrakis(3,5-dimethylphenyl)aluminate, 

lithium tetrafluoroatuminate, 

sodium tetrakis(pentafluorophenyl)aluminate, 

sodium tetrakis(phenyl)aluminate, 

sodium tetrakis{p-tolyl)aluminate, 
40 sodium tetrakis(m-tolyl)aluminate, 

sodium tetrakis(2,4<limethylphenyl)aluminate ) 

sodium tetrakis(3,5-dimethylphenyl)aluminate, 

sodium tetrafluoroaluminate, 

potassium tetrakis(pentafluorophenyl)aluminate, 
45 potassium tetrakis(phenyl)aluminate, 

potassium tetrakis(p-tolyl)aluminate, 

potassium tetrakis(m-tolyl)aluminate, 

potassium tetrakis(2,4-dimethylphenyl)aluminate, 

potassium tetrakis(3,5-dimethylphenyl)aluminate, and 
50 potassium tetrafluoroaluminate; but is not limited thereto. 

The organoaluminum compound (c) used in the present invention is a compound represented by the general 
tormula (2), and exemplified specifically by aluminum compounds such as trimethylaluminum, triethylaluminum, triiso- 
propylaluminum, diisopropylaluminum chloride, isopropylaluminum dichloride, tributylaluminum, triisobutyl-aluminum, 
55 diisobutylatuminum chloride, isobutylaluminum dichloride, tri(t-butyl)aluminum ( di(t-butyl)aluminum chloride, t-butyla- 
luminum dichloride, triamylaluminum, diamylaluminum chloride and amylaluminum dichloride, but is not limited thereto. 

The catalyst may be prepared by mixing the metallocene compound (a), the ionizing ionic compound (b), and the 
organoaluminum compound (c) mentioned above, for example, in an inert solvent. The method of catalyst preparation 
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is not limited thereto. 

The amount of the ionizing ionic compound (b) is preferably in the range of from about 0.1 to 100 moles, more 
preferably from 0.5 to 30 moles, per mole of the metallocene compound (a). 

The amount of the organoaluminum compound (c) is preferably in the range of from 1 to 10000 moles per mole 
5 of the metallocene compound (a), but is not limited thereto. 

The ct-olefin of 3 or more carbons used in the present invention includes propylene, 1 -butene, 4-methyl-1 -pentene, 
1-hexene, 1-octene, and styrene, but is not limited thereto. The olefin may be a mixture of two or more thereof. 

The process of polymerization includes solution polymerization processes and known high-temperature high-pres- 
sure processes. 

10 in the solution polymerization, the polymerization temperature is preferably in the range of from 120°C to 300°C, 

but is not limited thereto provided that the temperature is not lower than 120°C, and the polymerization pressure is 
preferably in the range of from atmospheric pressure to 200 kg/cm 2 , but is not limited thereto. 

In the high-pressure polymerization, the polymerization temperature is preferably in the range of from 120°C to 
300°C, but is not limited thereto provided that the temperature is not lower than 1 20°C. and the polymerization pressure 
is is preferably in the range of from 300 to 3500 kg/cm 2 , but is not limited thereto. 

By the process described above, an ethylene/a-olefin copolymer is obtained which has a weight-average molecular 
weight (Mw) of not less than 40000. 

The present invention is described below in more detail by reference to Examples without limiting the invention 
thereto. 

20 The procedures of polymerization, reaction, and solvent purification were conducted in an- inert atmosphere. The 

solvent used in the reaction was purified, dried, and/or deoxidized preliminarily in a conventional method. The com- 
pounds used in the reactions were synthesized and identified in conventional methods. 

The weight-average molecular weight (Mw) of the ethylene/a-olefin copolymers obtained in Examples were meas- 
ured by gel permeation chromatography (GPC) employing the apparatus of Model 150C made by Waters Co. with a 
25 column of TSK-GEL GMHHR-H(S) (made by Tosoh Corp.) and o-dichlorobenzene as the eluent at a temperature of 
140°C at a sample concentration of 7 mg in 10 ml of o-dichlorobenzene. 

The number of branching of the obtained ethylene/a-olefin copolymers was measured by FT-IR (Model 5M, made 
by Nippon Bunko K.K.) 

30 Example 1 

In a 1 -liter reactor, was placed 600 ml of an aliphatic hydrocarbon (IP Solvent 1 620, made by Idemitsu Petrochem- 
ical Co.) as the solvent. Thereto, 20 ml of hexene was added, and the reactor was kept at a temperature of 150°C. 
Ethylene was fed to the reactor at an ethylene pressure of 20 kg/cm 2 

35 Separately, in another vessel, 0.5 \umo\ of diphenylmethylene(cyclopentadienyl)(fluorenyl)zirconium dichloride was 

dissolved in toluene, and thereto a solution of triisobutylaluminum in toluene (triisobutyl aluminum concentration: 20 
% by weight) was added in an amount of 125 ujtioI in terms of aluminum. The mixture was stirred for one hour. This 
mixture was added to a solution of 1.0 ujtioI of N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate in 1 ml of 
toluene and the mixture was stirred for 10 minutes. The resulting mixture was introduced into the aforementioned 

40 reactor with the aid of nitrogen pressure. 

After the introduction of the mixture into the reactor, the content in the reactor was stirred at 1500 rpm by keeping 
the temperature at 150°C for one hour to allow copolymerization to proceed. The obtained reaction product was dried 
in vacuo at 100°C for 6 hours. Thereby an ethylene/hexene copolymer was obtained in a yield of 25 g. The weight- 
average molecular weight (Mw) and other measured data are shown in Table 1 . 

45 

Example 2 

A copolymer was prepared in the same manner as in Example 1 except for the ethylene pressure of 6 kg/cm 2 
The results are shown in Table 1. 

so 

Example 3 

A copolymer was prepared in the same manner as in Example 1 except that the polymerization was conducted at 
a temperature of 170°C. The results are shown in Table 1. 

55 

Example 4 

A copolymer was prepared in the same manner as in Example 1 except that 1.0 u^mol of tropylium tetrakis-(pen- 
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tafluorophenyl)borate was used in place of N,N-dimethylanilinium tetrakis(pentafluorophenyl)borate. The results are 
shown in Table 1 . 

Example 5 

5 

A copolymer was prepared in the same manner as in Example 1 except that 1.0u,mol of triphenylcarbenium (pen- 
tafluorophenyl)borate was used in place of N.N-dimethylanilinium tetrakis(pentafluorophenyl)borate. The results are 
shown tn Table 1. 

10 Example 6 

A copolymer was prepared in the same manner as in Example 3 except that the hexene was added in an amount 
of 80 ml. The results are shown in Table 1 . 

is Example 7 

A copolymer was prepared in the same manner as in Example 3 except that diphenylmethylene(cyclopentadienyl) 
(fluorenyl)zirconium dichloride, triisobutyl aluminum, and N.N-dimethylanilinium tetrakis(pentafluorophenyl)borate 
were used respectively in amounts of 0.25 \umo\, 62.5 u/nol, and 0.5 \xmo\. The results are shown in Table 1 . 

20 

Example 8 

A copolymer was prepared in the same manner as in Example 7 except that 20 ml of butene was used in place of 
hexene. The results are shown in Table 1 . 

25 

Example 9 

A copolymer was prepared in the same manner as in Example 8 except that the butene was used in an amount 
of 70 ml. The results are shown in Table 1 . 

30 

Example 10 

■ Synthesis of diphenylmethylene(cyclopentadienyl)(2,7-dimethylfluorenyl)zirconium dichloride " 

35 in 30 ml of THF, was dissolved 3.1 mmol of diphenyl(cyclopentadienyl)(2 1 7-dimethylfluorenyl)methane. The solu- 

tion was cooled to -70°C. Thereto 6.8 mmol of n-butyllithium was added dropwise. The mixture was brought to room 
temperature, and was stirred at room temperature for one day. The THF was removed and the residue was washed 
with hexane to obtain an orange solid matter. 

Separately, in another vessel, 25 ml of methylene chloride was added to 3.1 mmol of zirconium tetrachloride, and 
40 the mixture was cooled to -70°C. Thereto a solution of the above orange solid matter in methylene chloride was added, 
and the mixture was warmed to room temperature. The formed solid matter was removed from the solution by filtration. 
The filtrate was concentrated and cooled to -70°C. The precipitated crystalline matter was collected from the solution 
by filtration to obtain 1.0 g of orange-colored crystals of diphenylmethylene(cyclopentadienyl)-(2,7-dimethylfluorenyl) 
zirconium dichloride. The elemental analysis data and the 1 H-NMR spectrum data are shown below. 
45 Elemental analysis: 

Calculated (% by weight) C: 67.8%, H: 4.5%, CI: 12.1% 
Found (% by weight) C: 66.5%, H: 4.8%, CI: 11.9% 
1 H-NMR spectrum (CDCI 3 ): 6.1-8.1 (16H. Flu-H, Ph-H), 5.8 (t, 2H, Cp-H), 6.4 (t, 2H, Cp-H), 2.1 (S, 6H, Me) 
Fig. 1 shows the NMR spectrum chart. 

so 

" Polymerization " 

In a 1 -liter reactor, was placed 600 ml of an aliphatic hydrocarbon (IP Solvent 1620, made by Idemitsu Petrochem- 
ical Co.) as the solvent. Thereto, 20 ml of hexene was added, and the reactor was kept at a temperature of 170°C. 
55 Ethylene was fed to the reactor at an ethylene pressure of 20 kg/cm 2 . 

Separately, in another vessel, 0.25 u/nol of diphenylmethylene(cyclopentadienyl)(2,7-dimethylfluorenyl)zirconium 
dichloride was dissolved in toluene, and thereto a solution of triisobutylaluminum in toluene (aluminum concentration: 
20 % by weight) was added in an amount of 62.5 (imol in terms of aluminum. The mixture was stirred for one hour. 
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This mixture was added to a solution of 0.5 u/nol of N.N-dimethylanilinium tetrakis(pentafluorophenyl)borate in 0.5 ml 
of toluene and the mixture was stirred for 10 minutes. The resulting mixture was introduced into the aforementioned 
reactor with the aid of nitrogen pressure. 

After the introduction of the mixture into the reactor, the content in the reactor was stirred at 1500 rpm by keeping 
5 the temperature at 1 70°C for one hour to allow copolymerization to proceed. The obtained reaction product was dried 
in vacuo at 100°C for 6 hours. Thereby an ethylene/hexene copolymer was obtained in a yield of 34 g. The weight- 
average molecular weight (Mw) and other measured data are shown in Table 1 . 

Example 11 

10 

" Synthesis of diphenylmethylene(cyclopentadienyl)(2,7-di-t-butylfluorenyl)zirconium dichloride " 

In 30 ml of THF, was dissolved 10.6 mmol of diphenyl(cyclopentadienyl)(2,7-di-t-butylfluorenyl)methane. The so- 
lution was cooled to -70°C. Thereto 23.3 mmol of n-butyllithium was added dropwise. The mixture was brought to room 
is temperature, and was stirred at room temperature for one day. Then the THF was removed, and the residue was 
washed with hexane to obtain an orange solid matter. 

Separately, in another vessel, 50 ml of methylene chloride was added to 1 0.6 mmol of zirconium tetrachloride, and 
the mixture was cooled to -70°C. Thereto a solution of the above orange solid matter in methylene chloride was added, 
and the mixture was warmed to room temperature. The formed solid matter was removed from the solution by filtration. 
20 The filtrate was concentrated and was cooled to -70°C. The precipitated crystalline matter was collected from the 
solution by filtration to obtain 3.0 g of orange-colored crystals of diphenylmethylene(cyclopentadienyl)-(2,7-di-t-butylflu- 
orenyl)zirconium dichloride. The elemental analysis data and the 1 H-NMR spectrum data are shown below. 
Elemental analysis: 
Calculated (% by weight) C: 70.0%, H: 5.7% CI: 10.6% 
25 Found (% by weight) C: 69.3%, H: 6.2%, CI: 11.3% 

1 H-NMR spectrum (CDCI 3 ): 6.4-8.1 (16H, Flu-H, Ph-H), 5.8 (t, 2H, Cp-H), 6.4 (t, 2H, Cp-H), 1.2 (S, 18H, tBu) 

" Polymerization ' 

30 in a 1 -liter reactor, was placed 600 ml of an aliphatic hydrocarbon (IP Solvent 1 620, made by Idemitsu Petrochem- 

ical Co.) as the solvent. Thereto, 20 ml of hexene was added, and the reactor was kept at a temperature of 170°C. 
Ethylene was fed to the reactor at an ethylene pressure of 20 kg/cm 2 . 

Separately, in another vessel, 0.25 ujtioI of diphenylmethylene(cyciopentadienyl)(2,7-di-t-butylfluorenyl)zirconium 
dichloride was dissolved in toluene, and thereto a solution of tritsobutylaluminum in toluene (aluminum concentration: 

35 20 % by weight) was added in an amount of 62.5 u^mol in terms of aluminum. The mixture was stirred for one hour. 
This mixture was added to a solution of 0.5 ujtioI of N.N-dimethylanilinium tetrakts-(pentafluorophenyl)borate in 0.5 ml 
of toluene and the mixture was stirred for 10 minutes. The resulting mixture was introduced into the aforementioned 
reactor with the aid of nitrogen pressure. 

After the introduction of the mixture into the reactor, the content in the reactor was stirred at 1 500 rpm by keeping 

40 the temperature at 1 70°C for one hour to allow copolymerization to proceed. The obtained reaction product was dried 
in vacuo at 100°C for 6 hours. Thereby an ethylene/hexene copolymer was obtained in a yield of 36 g. The weight- 
average molecular weight (Mw) and other measured data are shown in Table 1 . 

Comparative Example 1 

45 

In a 1 -liter reactor, was placed 600 ml of an aliphatic hydrocarbon (IP Solvent 1620, made by Idemitsu Petrochem- 
ical Co.) as the solvent. Thereto, 20 ml of hexene was added, and the reactor was kept at a temperature of 150°C. 
Ethylene was fed to the reactor at an ethylene pressure of 20 kg/cm 2 . 

Separately, in another vessel, 1 .0 u/nol of ethylenebis(indenyl)zirconium dichloride was dissolved in toluene, and 
50 thereto a solution of triisobutylaluminum in toluene (aluminum concentration: 20 % by weight) was added in an amount 
of 250 nmol in terms of aluminum. The mixture was stirred for one hour. This mixture was added to a solution of 2.0 
ujtioI of N.N-dimethylanilinium tetrakis(pentafluorophenyl)borate in 1 ml of toluene and the mixture was stirred for 10 
minutes. The resulting mixture was introduced into the aforementioned reactor with the aid of nitrogen pressure. 

After the introduction of the mixture into the reactor, the content in the reactor was stirred at 1 500 rpm by keeping 
55 the temperature at 1 50° C for one hour to allow copolymerization to proceed. The obtained reaction product was dried 
in vacuo at 100°C for 6 hours. Thereby an ethylene/hexene copolymer was obtained in a yield of 40 g. The weight- 
average molecular weight (Mw) and other measured data are shown in Table 1 . 
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Comparative Example 2 

A copolymer was prepared in the same manner as in Comparative Example 1 except that the ethylene pressure 
was kept at 6 kg/cm 2 . 

5 

Comparative Example 3 

A copolymer was prepared in the same manner as in Comparative Example 1 except that the polymerization 
temperature was kept at 170°C. 

10 

Comparative Example 4 

A copolymer was prepared in the same manner as in Comparative Example 1 except that 1 .0 u.mol of bis(cyclopen- 
tadienyl)zirconium dichloride was used in place of 1.0 jimof of ethylenebis(indenyl)zirconium dichloride. The results 
is are shown in Table 1 . 

Comparative Example 5 

A copolymer was prepared in the same manner as in Comparative Example 1 except that 1 .0 jimol of dimethylsi- 
20 lanediylbis(2 ( 4-dimethylcyclopentadienyl)zirconium dichloride was used in place of 1.0 ujnol of ethylenebis(indenyl) 
zirconium dichloride. The results are shown in Table 1 . 

Example 12 

25 A reactor for high-temperature high-pressure polymerization was employed for the polymerization. Ethylene and 

hexene were fed continuously with pressure to the reactor to keep the total pressure at 950 kg/cm 2 and the concentration 
of hexene at 31 .4 mol%, and the reactor was stirred at 1500 rpm. 

Separately, in another vessel, a solution of triisobutylaluminurn in toluene was added to a solution of diphenyl- 
methylene(cyclopentadienyl)(fluorenyl)zirconium dichloride in toluene at an aluminum-to-zirconium mole ratio of 250: 
30 1. Further thereto, a solution of N.N-dimethylanilinium tetrakis(pentafluorophenyl)borate in toluene was added at a 
boron-to-zirconium mole ratio of 2:1 to prepare the catalyst solution. 

The resulting catalyst solution was continuously introduced into the reactor to allow the polymerization to proceed 
at the reactor temperature of 1 93°C. The results are shown in Table 2 and Table 3. 

35 Example 13 

The polymerization was conducted in the same manner as in Example 1 2 except that the polymerization temper- 
ature was controlled to be at 180°C and the hexene concentration was adjusted to 28.8 mol%. The results are shown 
in Table 2 and Table 3. 

40 

Example 1 4 

The polymerization was conducted in the same manner as in Example 12 except that the polymerization temper- 
ature was controlled to be at 165°C and the hexene concentration was adjusted to 19.0 mol%. The results are shown 
45 jn Table 2 and Table 3. 

Example 1 5 

The polymerization was conducted in the same manner as in Example 1 3 except that tropylium tetrakis-(pentafluor- 
50 ophenyl)borate was used in place of N.N-dimethylanilinium tetrakis(pentafluorophenyl)borate, and the hexene con- 
centration was adjusted to 32.6 mol%. The results are shown in Table 2 and Table 3. 

Example 16 

55 The polymerization was conducted in the same manner as in Example 1 5 except that the polymerization temper- 

ature was controlled to be at 165°C and the hexene concentration was adjusted to 33.0 mol%. The results are shown 
in Table 2 and Table 3. 
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Example 17 

The polymerization was conducted in the same manner as in Example 14 except that triethy (aluminum was used 
in place of triisobutylaluminum and the hexene concentration was adjusted to 33.5 mol%. The results are shown in 
5 Table 2 and Table 3. 

Example 18 

A reactor for high -temperature high-pressure polymerization was employed for the polymerization. Ethylene and 
10 hexene were fed continuously with pressure to the reactor to keep the total pressure at 1 500 kg/cm 2 and the concen- 
tration of hexene at 41.2 mol%, and the reactor was stirred at 1500 rpm. 

Separately, in another vessel, a solution of triisobutylaluminum in toluene was added to a solution of diphenyl- 
methylene(cyclopentadienyl)(fluorenyl)zirconium dichloride in toluene at an aluminum-to-zirconium mole ratio of 250: 
1. Further thereto, a solution of N.N-dimethylanilinium tetrakis(pentafluorophenyl)borate in toluene was added at a 
is boron-to-zirconium mole ratio of 1:1 to prepare the catalyst solution. 

The resulting catalyst solution was introduced into the reactor to allow the polymerization to proceed continuously 
at the reactor temperature of 155°C. The results are shown in Table 2 and Table 3. 

Example 19 

20 

The copolymerization was conducted in the same manner as in Example 18 except that the polymerization tem- 
perature was controlled to 180°C, butene was used in place of hexene at a concentration of 39.4 mol%, and the 
pressure was controlled to 900 kg/cm 2 . The results are shown in Table 2 and Table 3. 

25 Example 20 

The copolymerization was conducted in the same manner as in Example 1 9 except that the polymerization tem- 
perature was controlled to 1 53°C, the butene concentration was adjusted to 53.9 mol%. The results are shown in Table 
2 and Table 3. 

30 

Example 21 

The copolymerization was conducted in the same manner as in Example 19 except that diphenylmethylene(cy- 
clopentadienyl)(2,7-di-t-butylfluorenyl)zirconium dichloride was used in place of diphenylmethylene(cyclopentadienyl) 
35 (fluorenyl)zirconium dichloride, the polymerization temperature was controlled to 150° C, and butene concentration was 
adjusted to 66.8 mol%. The results are shown in Table 2 and Table 3. 

Example 22 

40 The copolymerization was conducted in the same manner as in Example 1 9 except that diphenylmethylene(cy- 

clopentadienyl)(2,7-dimethylfluorenyl)zirconium dichloride was used in place of diphenylmethylene(cyclopentadienyl) 
(fluorenyl)zirconium dichloride, the polymerization temperature was controlled to 155°C, and hexene was used in place 
of butene at a concentration of 30.0 mol%. The results are shown in Table 2 and Table 3. 

45 Comparative Example 6 

The copolymerization was conducted in the same manner as in Example 12 except that ethylenebis(indenyl)zir- 
conium dichloride was used in place of diphenylmethylene(cyclopentadienyl)(fluorenyl)zirconium dichloride, the po- 
lymerization temperature was controlled to 155°C, and the hexene concentration was adjusted to 32.0 mol%. The 
50 results are shown in Table 2 and Table 3. 

The copolymerization of ethylene with a-olefin with a specified metallocene catalyst at a polymerization tempera- 
ture of not tower than 120°C enables production of a copolymer with high catalyst activity with high efficiency. 



55 
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Claims 

1. A process for producing an ethylene/a-olefin copolymer of a weight -average molecular weight of not less than 
55 40000 by copolymerization of ethylene with an a-blefin having three or more carbons by use of an olefin polym- 

erization catalyst at a polymerization temperature of not lower than 120°C: the olefin polymerization catalyst com- 
prising, as constitutional components, a) a metallocene compound, b) an ionizing ionic compound, and c) an or- 
ganoaluminum compound: 
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the metallocene compound (a) being a compound represented by the general formula (1): 

CP 1 , B 3 

CM (1) 
2 2 \ 4 

wherein Cp 1 is a substituted or unsubstituted cyclopentadienyl, indenyl, or fluorenyl group and Cp 2 is a substituted 
or unsubstituted fluorenyl group ; R 1 and R 2 are independently a substituted or unsubstituted alkyl group, a sub- 
stituted or unsubstituted alkoxy group, a substituted or unsubstituted aryl group, or a hydrogen atom; M is titanium 
or zirconium; R 3 and R 4 are independently a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 12 
carbons, an alkoxy group, or an aryloxy group, the ionizing ionic compound (b) being a compound which is capable 
of changing the metallocene compound (a) into a cationic form and does not further react with the thus formed 
cationic form of the metallocene compound, and the organoaluminum compound (c) being represented by the 
general formula (2): 



Al - R 



5 ' 



(2) 



wherein R 5 , R 5 ', and R 5 " are independently a hydrogen atom, a halogen atom, an amino group, an alkyl group, an 
alkoxy group, or an aryl group, at least one thereof being an alkyl group. 

2. The process for producing an ethylene/a-olefin copolymer according to claim 1 , wherein at least one of the sub- 
stituents R 1 and R 2 of the metallocene compound is a substituted or unsubstituted aryl group. 



Patentanspruche 

1. Verfahren zur Herstellung eines Ethylen-a-Olef in -Copolymers mit einem Gewichtsmittel des Molekulargewichts 
von nicht weniger als 40.000, indem Ethylen mit einem ct-Olefin mit drei oder mehr Kohlenstoffatomen mittels eines 
Olefinpolymerisations-katalysators bei einer Polymerisationstemperatur von nicht weniger als 120°C copolymeri- 
siert wird: 

der Olefinpolymerisationskatalysator umfaGt als grundlegende Bestandteile 



a) eine Metallocenverbindung, 

b) eine ionisierende ionische Verbindung und 

c) ein Organoaluminiumverbindung: 

wobei die Metallocenverbindung (a) eine Verbindung der allgemeinen Formal (1) ist: 

R 1 C P " R 3 

R 2 ^ ^Cp 2 R 4 



in der 



Cp 1 ein substituierter oder unsubstituierter Cyclopentadienyl-, Indenyl- oder Fluorenylrest ist, und 
Cp 2 ein substituierter oder unsubstituierter Fluorenylrest ist; 
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R 1 und R 2 unabhangig einen substituierten oder unsubstituierten Alkylrest, einen substituierten oder un- 
substituierten Alkoxyrest, einen substituierten oder unsubstituierten Arylrest oder ein Wasserstoffatom 
bedeuten; 

M ein Titan- oder Zirkoniumatom ist; und 
5 R3 und R 4 unabhangig ein Wasserstoff- oder Halogenatom, einen Kohlenwasserstoffrest mit 1 bis 12 

Kohlenstoffatomen, einen Alkoxyrest oder einen Aryloxyrest bedeuten; 

wobei die ionisierende ionische Verbindung (b) eine Verbindung ist, welche die Metallocenverbindung (a) in 
eine kationische Form umwandeln kann und mit der demgemaD erzeugten kationischen Form der Metallo- 
10 cenverbindung nicht weiterreagiert; und wobei die Organoaluminiumverbindung (c) die allgemeine Formel (2) 

besitzt: 

R 5 

15 Al - R J " (2) 

A- 



20 in der 

R 5 , R 5 'und R 5 * unabhangig ein Wasserstoff- oder Halogenatom, eine Aminogruppe, einen Alley!-, Alkoxy- 
oder Arylrest bedeuten, wobei wenigstens einer von diesen ein Alkylrest ist. 

2. Verfahren zur Herstellung eines Ethylen-a-Olef in -Copolymers nach Anspruch 1 , wobei wenigstens einer der Sub- 
25 stituenten R 1 und R 2 der Metallocenverbindung ein substituierter oder unsubstituierter Arylrest ist. 



Revendications 

30 1 . Procede de production d'un copolymere ethy!ene/a-ol6fines presentant une masse moieculaire moyenne en poids 
qui n'est pas inferieure a 40 000 par copolymerisation d'ethylene avec une a-olefine comportant trois ou plus de 
trois atomes de carbone en utilisant un catalyseur de polymerisation d'olefines a une temperature de polymerisation 
qui n'est pas inferieure a 1 20° C, le catalyseur de polymerisation d'olefines comprenant, comme composants cons- 
titutifs, a) un compost de type metallocene, b) un compost ionique ionisant, et c) un compost organoaluminique : 

35 le compose de type metallocene (a) etant un compose represente par la formule g£nerale (1 ) ; 



40 



Co 



M 



(1) 



45 dans laquelle Cp 1 represente un groupe cyclopentadienyle, un groupe indenyle ou un groupe fiuor6nyle substitue 

ou non-substitue et Cp 2 represente un groupe fluor6nyle substitue ou non-substitu6; R 1 et R 2 repr6sentent ind6- 
pendamment un groupe alkyle substitue ou non-substitu6, un groupe alcoxy substitue ou non-substitu6, un groupe 
aryle substitue ou non-substitue ou atome d'hydrogene; M represente un atome de titane ou de zirconium; R 3 et 
R 4 repr6sentent independamment un atome d'hydrogene, un atome d'halogene, un groupe hydrocarbone com- 

50 portant de 1 a 12 atomes de carbone, un groupe alcoxy ou un groupe aryloxy, le compose ionique ionisant (b) 

etant un compose qui est capable de mettre le compose de type metalloc6ne (a) sous une forme cationique et qui 
ne r6agit pas davantage avec la forme cationique ainsi form6e du compose de type m6talloc6ne, et 
le compose organoaluminique (c) etant repr6sent6 par la formule generate (2) 

55 
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Al 

is- 



,5 ' 



(2) 



dans laquelle R 5 , R 5 ' et R 5 " representent independamment un atome d'hydrogene, un atome d'halogene, un groupe 
amino, un groupe alkyle, un groupe alcoxy, ou un groupe aryle, au moins Tun de ceux-ci etant un groupe alkyle. 

Proced6 de production d'un copolymere 6thylene/a-ol6fine selon la revendication 1 , dans lequel au moins Tun des 
substituants R 1 et R 2 du compose de type metallocene est un groupe aryle substitue ou non-substitue. 
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FIG. 1 
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